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ABSTRACT

In this paper, the flexible piezoelectric nanocomposite generator(NCG) device based on BaTiO; nanostructures
was fabricated via simple and low-cost spin coating method. The BaTiO; nanostructures synthesized by
self-assembly reaction showed dendrite morphologies. To produce the piezoelectric nanocomposite(p-NC layer)
which acts as an electric energy source in NCG device, the piezoelectric nanopowders(BaTiOs) were dispersed in
polydimethylsiloxane(PDMS). Sequently, the p-NC layer was inserted in two dielectric layer of PDMS; these layers
enabled the NCG device flexibility as well as durability prohibiting detachment(exfoliation) for significantly
mechanical bending motions. The fabricated NCG device shows average maximum open circuit voltage of 6.2 V
and average maximum current signals of 300 nA at 20 wt% composition of BaTiO; nanostructures in p-NC layer.
Finally, the flexible energy harvester generates stable output signals at any rate of frequency which were used to
operate LCD device without any external energy supply.
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Fig. 1. Structure of Perovskite BaTiOs
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2.1 BaTiOs L7 =A &

BaTiOs= Na,Ti;O; nanowires <€ TAISI, o=
vHF o] 23 REEAIA 4935 NapTi;O; nanowire
S A Y3, 2 ¢9 TiO,E 10 M9 NaOH <=
o 40 mloll ¥ 1A17F Bk wukstdt wSAS 9
EFgolHe &2 F 160 °C 2ZoA 72 A3t F<F
TS A7 T, AF2oA "37—15]'93\‘:} FEE
whE o] 1A ded &, & 9 ogs

2 MH3}3L CentrifuigeE 53] Na,Ti;0; nanowire=

Aoy £ E NaTi;0; Nanowire 2 g2 0.10 M
Ba(OH), €< 200 mlol] &3tsle] 147+ Fob wHkal
T, 90 °C =2 24 A7t &<t PP(polypropylene) &7]
WollA whgAIZTE ¥ F 1A JAHES dein
E, odlehe F oMNEZ FEHoZ AHT & Hxs)
o] BaTiO; dendrite 9615 AU}
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2.2 ™ LEEEAKE KR

204 FEFAES B3 AxE BaTio:E ©]&31

=5EER 7Rk b U=BAHLAE AF S
o WA AgAY 1012 EFE Eg9 24
(polydimethylsiloxane, PDMS)Z- Si waferel]l 50 ym 7|
2 2 FE(spin coating) T+ F 85 °CollA] 10% &<t
OvendllA]  ZA3AIA FHFS A 1 9
BaTiO; dendrite®} PDMSE E{ate] Azdt vk
B35 & (piezoelectric nanocomposite, p-NC)E PDMS7}
FZEHE Si wafer¥el 150 ym FAZ =¥ FE 3 &
Al 50 pm FAS] FHFES 2WFAY3I PDMS/
p-NC/PDMS/Si wafer2 THE0] “F2oA] 3% &<t ¢
A A ATk o] W 4 Ui=EFEZ A PDMS
ol Al BaTiO; dendrite®] &2 10, 20, 30 wt%2 Z+
7} Azstdoh ¢k Z3skE PDMS/p-NC/PDMS S5
3cm x 3 om A7]|2 A2 Si wafer 7]ZlA] wloju)

FE1 A= (indium tin oxide, ITO)7} Z®E 125 ume}
175 um §A19] Zek2~¥g 7|3HPET ZF) Atolo #3
SH, UHodEd 7Rke] sk Aaart A E T
YA ARE S fsted 7o =4S -
S ZetaE 7139 ITO 29 A=A A2 A (silver
paste, Chemtronics)@ F-2Hett), wlx|=to 2 Qbdbd
Aol A=A} B=S fE38F=(dipole polarization) &
H(poling) #FHFE AFH. B AT M= 140 °C 2
SOl A 15 kv A7 SellA] 12417 Tt EP A
£ AR T BHAEARS FUsHAT

B =foA A E NaTi;0,= Fig. 29 FARAIE
U] Z(SEM) ARRlGA Qb8 A o= F3u|7} 10 ©]/to]
3, 4 ~ 10 um Z0]9] B3 ¥232] nanowireZ FA
B AL AT & Ak 283 Na,TisO; nanowire
AFAZ BaTiOss #/33t9S W, Fig. 29 SEM ©]
H| A A & 4= 31%o] BaTiO; dendrite”} /8= At

BaTiO;9] ¥“(morphology)> HH-g 3599 25 &
H oA o]u] o] 2FEE Zo} 917] Wi, ElElg
ATA Aejel oty 71 ZA GgS weni?l
211 Ba(OH),9] #% 2 pH, 281 A% upet
BaTiO;9] 74321 & AHmorphology)o] 27 T4
A% 2] ElER o] E2] Na,Ti;0; nanowire= Ti(OH),
9] wiZo] A W=FxA 9 BaTio:e] A7tz
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Fig. 3. The formation of BaTiO; dendrite
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Fig. 4. XBD graph of BaTiOz dendrite
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Fig. 5. Structure of NCG device based on BaTiOs
dendrite

BaTiO; dendrite’} 288 93 =@ azte] bz
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Fig. 6. Flexible piezoelectric NCG device based on
BaTiO; dendrite

Fig. 7. The cross—sectional SEM image of NCG device
based on BaTiO; dendrite
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Fig. 8. Image of Piezoelectric NCG Device at Original
State, Bending State, Unbending State
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Fig. 9. The open—circuit voltage and short-circuit current
generated from the NCG device based on
BaTiOs dendrite in the forward (a) and reverse
(b) connections

3 cm x 3 cm AFo]Z9] BaTiO; dendrite 7%+ F#
SREA RS Fig. 99 2o] 71412 w3 o8] &
A7 Hd HTa2 7183 K open-circuit voltage)
o] 62V, ‘4‘“4'7‘4%(short-mrcultcunent)ﬂ 300 nAZ =
AHL, = AdE Y] =2 £Fo &8 EAS
Yelgl= Aolgtar #AE T BaTiOs dendrite= THY
F4E 714 3WZ o] Wil PDMSe| E4to]l Z E o
A EAo] AA FE S Atk 7|E BaTio; U=
U AKnanoparticle)Z THE Al Hul Qo] oF
017 V $Fo2, 493 1132 M HEBM Aol A
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Fig. 9@)°olA 8wk A9 &8 2359 553 27
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S7F 233 A peddaE e G A

o ¢ ZQ3lth Table 101]“ b YA Az}
p-NCZo| A BaTiO; dendrite H&°] 10 ~ 30 wt%?°ll
W2 AxEe] He €AY 2 HARE AT 29
7} Y} It} BaTiO; dendrite®] #-&°] 20 wi%7HA=
PHEL ST mE A5 FhoE SHAST
AR7E F7FIARE 20 winE HolAe Mg E

LT
#aseE A9E iﬂﬁ} o] g yUF B 4o
St EHo] PDMS ol 4do)A 5™ &1 54

3 Z712 s, #71-714] A% A Helectromechanical
coupling effect)”} 7HAstAl o, e SE54&
ERf7] wEQl Aoz ddte

Table 1. The average electrical signals of the NCG
device at 10, 20, 30 wt% of BaTiO; dendrite

in p-NC layer
BaTiOs dendrite £ Mgt £ M7
(Wt%) V) nA)
10 5.5 205
20 6.2 300
30 52 203
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Fig. 10. Output voltage of the NCG device based on
BaTiO; dendrite according to frequency
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Fig. 11. LCD device is operated when the NCG device
based on BaTiO; dendrite is deformed by
bending and unbending
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